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ABSTRACT: Determination of the density spectrum exponent
of the muon component of extensive air showers on a
hodoscopic assembly composed of four sets of Geiger-
Muller counters with a 30-cm lead absorber. Found by the
maximum 1likelihood method from a total of 7,109 recorded
events, the value of the exponent was 2.27 plus or minus
0.08 in a shower with a mean total muon number equal to or
greater than 1.2 x 10°, measured at an altitude of 2,925 m
above sea level.

Introduction /1529%*

For determining the parameter y of the power law

D(z) = az-tdz, )
which describes with sufficient accuracy the differential spectrum of the
density of the penetrating component of ektenéive atmospheric showers on the
basis of experimental data obtained using detectors shielded with a thick
_absorber,.it is necessary to take into account multiplication processes in
the absorber. In actuality, as a result of generation of local electron-
nuclear showers and §-showers from the nuclearly active and u-meson components
of extensive atmospheric showers respectively, the density and distribution
of particles in thé‘space beneath the absorber changebgreatly. It is easy
to demonstrate at if no allowance is made for multiplication processes, the
values obtained for y will be lower than the true value; this difference is

dependent on the type of experimental apparatus and is never equal to O.

The presently known values of the ekponent y [1-6] were obtained without
taking into account particlé multiplication processes. This can explain to
a considerable degree the considerable discrepancy in the results published
by different authors. On the other hand, on the basis of models of extensive

atmospheric showers formulated during recent years it is now possible to

*Numbers in the margin indicate pagination in the foreign text.



obtain new information on primary cosmic radiation in the region of super

high energy by stﬁdying the p-meson and nuclear active components.
Experimental Apparatus

The registry of the penetrating components of extensive atmospheric
showers was with a system of four groups of counters A, B, C, D, situated
in the horizontal plane at the corners of a square with sides 8 m in length.
Each group consisted of 10 identical Geiger-Muller counters 38 mm in diameter
~and with an effective area of 320.04 cm?. The counters were placed in a
lead container (see Figure). The thickness of lead above the counters was
30 cm.

2237 /;/// ‘ ; Quadruple coincidences were registered
. %¢¢%7 /// /ﬁ;;; | (resolv1ng time 3 usec), durlng which at least
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one counter in each group was triggered. All
/ | -
o~ . P em | the counters were connected to a hodoscope.
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L ] The above-mentioned quadruple coincidence was
the pulse controlling the hodoscopic system. The resolving time of the
hodoscopic system was 15 usec, whereas the probability of random triggering

—of the counter with a controlling pulse was ~0.01. A measurement was made
at an elevation of 2,925 m about sea level ét the Musala Cosma Ray Station.

The frequency of coincidences at the observation level was about 1 hour_l.
Method foflProcessing Data and Results /1530

The plate and postal nunber of triggered'countéré in the apparatus was
determined for each registered extensive atmospheric shower. Using 7,109

registered cases, we computed the mean number of triggered counters:

T a0 o
= SinC(n) [ 3 Cln), @
n=4 n=4 '
where C(n) is the number of cases for Rn triggered counters (4 < n < 40). It "

can be demonstrated [7] that if interaction processes in the absorber are

neglected the expected n value will be dependent on the exponent y as follows
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n=

On the basis of (2) and (3), a value 1.24 * 0,02 was obtained for v.

t

In accordance with the above, the generation of local electron-nuclear
showers and & electron increases the particle.density iﬁ_the space beneath
the absorber. According to expression (3), a lesser y value corresponds to
a greater <n> value; therefore, it must be assumed that ﬁhisAvalue is lower

than the true value.

In order to éheck this assumption, all the registered cases were broken
down into five independent subgroups. Subgroup V, or to our terminology,
Class-V events, included those cases when there were at least four untriggered
counters between the triggered counters in some of the groups A, B, C, D, as
well as those cases when only one counter was triggered in all the groups.
Class IV includes events which do not fall into Class V and for which there
are at least three untriggered counters between the triggered counters.

Class III includes cases which do not fall into Classes IV and V, in which
there are at least two untriggered counters between the triggered counters.
Class II inCludes'thosegcaées not falling in the preceding classes and for
which there is at least one untriggered counter between the triggered counters.

Class I includes all other events.

TABLE 1.
: «C!a:t_sg" . , T m ) om ! v - v Total
4No. of - ! 5782 | 348 192 I 101 631 7104



TABLE 2.

-

Mean value for

v Claés classes 1I-V

I . 11 I v v

X '1,2-’3_+_0,0Z 2,37+0,13 | 2,17+0,24 | 3,094.0,34 | 2,120,12 2,2740.05

The exponent y for events from Classes II to V inclusive was determined
by the distribution of events in dependence on the triggered counters by
two methods: a) by comparing the predicted and experimentally determined
mean number of triggered counters, and b)— by the maximum probability method.
For events in Class I, due to some computation difficulties, we employed only
method aJ,' It was established that the values obtained by both methods do /1531

not differ from one another within the limits of statistical erfor.
Table 2 giVes values found by method b) (except for events in Class I).
Discussion of Results

The criterion for selection of data into classes used in this study takes
into account the fact that multiplication processes in the absorber with a
high probability govern the triggering of adjacent counters and fhat the
probability of triggering of Widely based counters is negligible. Accordingly
it must be expected that with an increase in the number of the class, the
determined value of the eiponent vy will be asymptotically free from the
multiplication effect. The values of the y parameter for events from Classes
IT to V are statiétically’indistinguishable and different substantially from
“the ;alues for Class I; in which there must exist events with adjacent’
triggered counters. This gives basis for computing the mean y value for
Classes II-V, for which we found: +=2.27 + 0.08.

It is clear t&gt cases of extensive atmospherlc showers whose axis are
situated distant from the apparatus must be assigned to the second and higher
classes. This statement can be backed up with a high probability (~93%)
for the inelastic interaction of a nuclearly active particle incident on a
lead absorber 30 cin thick, shielding counter. That is why it can be assumed
that the determined exponent must be attributed to the u-meson component of

extensive atmospherlc showers.
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The mean density of showers registered with the apparatus is estimated
at 3.6, 3.2, 2.0 and 1.9 penetrating particles per square meter for events
in Classes II, III, IV, and V respectively. Assuming that this is the

u-meson density, the number of u-mesons in the registered showers is
u21.2.108,

A total of 20,000 already registered events are now being processed;

these will considerably increase the accuracy in determining v.

_ The authors feel it's their particularly pleasant duty to express
appreciation to L. Janoffy and Kh. R. Ya. Kharistov for their interest and
support of this work. We express appreciation to A. Somogyi for participation
in planning of the experiment and discussing the results. We express warm
appreciation to I. Kokh, B. Paler, Y. Stamenov, D. Genev and I. Kirov, who
made the measurements at the high-mountain laboratory on Mount Musala,

F. Vasil'yeva and R. Burkova, P. Stayev, and‘N. Eogdanova, students at Sofia
University, for great assistance in processing the hodoscopic information and
in computation work, and to M. Markov for his work in tabulating the

functions on an electronic computer.
Physics Institute, Bulgarian Academy of Sciences, Sofia

Central Institute of Physical Research, Hungarian Academy of Sciences,

Budapest



REFERENCES "

Treat, J. E. and K. Greisen, Phys. Rev., Vol. 74, p. 14, 1948,

Ise, J., and W. Fretter, Phys. Rev., Vol. 76, p. 993, 1949.

Zatsepin, G. T., I. L. Rozental',-S. A. Slavatinskiy, G. B. Khristiansen,
and L. A. Shuvayev, Dokl. AN SSSR, Vol. 69, p. 341, 1949.

Janossy, L. T. Sandor, and A. Somogyi, Internat. Conf. Cosmic Rad.,.
Budapest, p. 88, 1956.

Khrenov, B. A., Izv. AN SSSR, Ser Fiz,, Vol. 26, p. 689, 1962,

Vernov, S. N., G. B. Khristiansen, A. T. Abrosimov, V. B. Atrashkebich,
I. F. Belyayeva, G. V. Kulikov, V. I. Solov'yeva, U. A. Fomin, and
B. A. Khrenov, Izv. AN SSSR, Ser. Fiz., Vol. 29, p. 1876, 1965.

Somogyi, A., KFKI Kozlemenyek, Vol. 10, p. 251, 1962,

Translated for the National Aeronautics and Space Administration under
contract No. NASw-2037 by Techtran Corporation, P. 0. Box 729, Glen Burnie,
Maryland, 21061 ' ‘



